Thoracic surgery remained problematic until the arrival of muscle relaxants. The earliest obstacle was the 'pneumothorax problem'. As a solution, Ferdinand Sauerbruch introduced the negative pressure operating chamber in 1904, at first for animals. Soon after, he and his colleague, Johannes von Mikulicz in Breslau operated on a woman to remove the sternum. In 1908, he demonstrated his negative pressure chamber operating theatre in Chicago 1 . Since it was necessary for the patient to continue breathing spontaneously, lung surgery was rarely undertaken.
Despite the invention of cuffed endotracheal tubes at around the same time, they were primarily advocated for oropharyngeal or facial surgery. Such was the influence of Sauerbruch, who described intubation as unnecessary and dangerous, that positive pressure ventilation during thoracic anaesthesia did not achieve acceptance until the 1930s, and even then, many procedures were undertaken without endotracheal intubation 2 .
In 1930, Ivan Magill distinguished two types of thoracic procedures. The most common were for the treatment of chronic infection, usually tuberculosis or bronchiectasis. Operations included drainage of empyema, closure of broncho-pleural fistula, and thoracoplasty, when the upper ribs were removed or fractured to collapse the thorax overlying an apical abscess cavity, allowing it to heal. For these cases, he advocated intercostal nerve block and nitrous oxide/oxygen anaesthesia by facemask, noting that positive pressure ventilation was not usually necessary. This was facilitated by the fact that in most cases, pleural adhesions ensured that lung collapse did not occur 3 . He noted that "pure nitrousoxide-and-oxygen anaesthesia implies at least some Cover Note Anaesthesia for thoracic surgery 1
Overholt's position for thoractomy, Vernon Thompson bronchus blocker. degree of sub-oxygenation..." and he subsequently supplemented the mixture with chloroform or cyclopropane 4 .
For the second and less common group of operations including lobectomies and pneumonectomies, he used endotracheal intubation and low pressure insufflation of nitrous oxide/oxygen and ether, still allowing the patient to breathe spontaneously, but ready to assist when necessary. When describing his technique, he noted that in the previous eight years, he had anaesthetised just four patients for lobectomies 3 .
The continuing problem, especially in the first group of patients, was the danger fro+m pus or secretions contaminating the trachea or healthy areas of the lungs, during the surgery. This prompted the development of measures to isolate the diseased area in these so-called 'wet cases' 5 .
In 1931, Gale and Waters described endobronchial intubation of the healthy lung using a cuffed rubber tube. The tube was moulded in hot water to produce a curve, and then advanced blindly into the bronchus, using the bevelled tip to direct it to the selected side. The cuff was positioned at the bifurcation, occluding both the bronchus and the lower trachea 6 . A year later, Coryllos used an endoscope to ensure more accurate placement of the tip of the endotracheal tube in the lower trachea, complemented by regular suction via a rubber or gum elastic catheter 7 .
In 1935, Canadian surgeon Edward Archibald described his use of a balloon tipped catheter to occlude the bronchus supplying an infected lobe, prior to proceeding with lobectomy. The Coudé or angled tip allowed manipulation of the tip into the desired bronchus, the position being checked by X-ray before surgery. The suggestion had been made to him by Harold Griffith and he claimed to have used the method eight times over several years 8 .
In 1936, Magill described the early development of his endobronchial tubes. He began by devising a tube consisting of a spiral of fine metal tubing, covered with thin rubber, and incorporating an inflatable cuff. He used the spring coil itself as an air-channel, thus inventing the first integrated cuff inflating tube. He first used the method of Coryllos, an endoscope in the lumen of the tube, to position the tip in the left or right main bronchus, but found that occlusion of the upper lobe or dislodgment of the cuff made the tube impractical. He settled for a longer cuff in the trachea and regular suction, much in the manner of Coryllos 4 .
The subsequent modification of this endotracheal tube led to the left and right endobronchial tubes described in a previous covernote, where the metal spiral was extended beyond the tip, to better secure the tube within the bronchial lumen. The extended spiral of the right endobronchial tube was stretched out to avoid occlusion of the upper lobe bronchus 9 .
He then described the use of a tracheal tube in combination with a cuffed bronchial suction catheter, the latter to be placed in the bronchus of the diseased lung or lobe. This device was also illustrated in a previous covernote 4, 10 .
In 1936, Emory Rovenstine described his tube of woven silk with two rubber cuffs, one tracheal and one bronchial. Hot water moulding of the tube allowed it to be passed blindly into the bronchus of the healthy lung until resistance was felt. Inflation of the upper cuff allowed ventilation of both lungs, while inflation of the lower cuff occluded the trachea across the carina, thus isolating the diseased lung while allowing ventilation of the healthy lung 11 .
In 1938, the Swedish surgeon and pioneer of controlled ventilation, Clarence Crafoord, described the use of a ribbon gauze tampon, attached to a cord and introduced endoscopically through the lumen of an endotracheal tube 11 . Although positive pressure ventilation was possible during thoracic surgery with deeper levels of anaesthesia, most patients breathed spontaneously, with or without moderate assistance by the anaesthetist. With the patient in the lateral position for surgical access, the diseased lung was uppermost, thus always risking contamination of the healthy lung. In 1940, Henry Beecher advocated the use of a steep head-down posture, in association with an uncuffed tracheal tube passing through a sealed facemask. This allowed the pus or secretions to flow 'down' the trachea, around the tube and into the facemask, from where it could be easily extracted 12 . Less extreme were the semi-prone positions devised by Overholt in 1946 and Parry Brown in 1948. The former was designed to retain secretions in the diseased lobe, while the latter, like the Beecher position, allowed drainage without soiling the healthy lung 13, 14 .
In 1943, British anaesthetist Vernon Thompson introduced a bronchus blocker, consisting of a long suction catheter and inflatable cuff made of rubber. The blocker was inserted by means of a bronch-oscope with the cuff inflated and a stylet in the suction lumen. After withdrawal of the bronchoscope and the stylet, the blocker was held in place by a gauze sleeve covering the balloon that gripped the bronchial wall. In 1947, another blocker was developed with thin metal claws around the balloon. With inflation of the balloon, the claws pressed into the bronchial wall. Magill later introduced a modified bronchus blocker where the inflating tube was integral in the wall of the suction tube, and the smaller cuff was not covered with gauze. While easier to place in smaller airways, it was more likely to move. The Vernon Thompson blocker became the most popular, and insertion was aided by the development of a bronchoscope with a longitudinal slot, by Solomon Albert in 1952 11 .
The introduction of muscle relaxants, and streptomycin for tuberculosis, heralded a change in the practice of thoracic surgery and anaesthesia.
